Raman scattering through surfaces having biaxial symmetry 
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Magnetic Raman scattering in two-leg spin ladder materials and the relationship between the 
anisotropic exchange integrals are analyzed by P. J. Freitas and R. R. P. Singh in Phys. Rev. 
B, 62, 14113 (2000). The angular dependence of the two-magnon scattering is shown to provide 
information for the magnetic anisotropy in the Sri4Cu24 04i and LagCagCu24 04i compounds. We 
point out that the experimental results of polarized Raman measurements at arbitrary angles with 
respect to the crystal axes have to be corrected for the light ellipticity induced inside the optically 
anisotropic crystals. We refer quantitatively to the case of Sri4Cu2404i and briefly discuss potential 
implications for spectroscopic studies in other materials with strong anisotropy. 

In a recent article (see Ref.S) the authors developed 
an elegant theory on the two-magnon Raman scattering 
in twojleg ladder systems. Within the Fleury-Loudon 
model 2 ! the interaction of light with the magnetic degrees 
of freedom can be written as: 
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where ej n , e out are the polarization versors of the in- 
coming and outgoing field, fjj are unit vectors along the 
bond directions, and J-j represent the Raman coupling 
constants between spins i and j. The key result of Ref.El 
is the expression for the magnetic scattering cross section 
in parallel polarization: 



I\\(w,9) = J||(c,O)[cos 2 (0) - ^sinW 



(2) 



Here I(u>,9) is the scattering intensity at angle 9 with 
the rung direction and J\\,x are the magnetic exchange 
integrals along and across the ladder legs. Equation 
(^) would allow in principle the determination of the 
magnetic exchanges J\\,x by continuous^ variation of the 
angle 9 if the J'u/J'x ratio is knowntH as destructive 
interference cancels the intensity at the critical angle 
9 cr = arctan[(J^J||/J | ' | Jl) 1/2 ]. 

We want to stress that although relation (||) is based 
on correct theoretical assumptions, from the experimen- 
tal point of view it cannot be applied in a straightforward 
way for 9 ^ mn/2 where m is an integer. The theoretical 
prediction for the angular dependence is contrasted with 
the experimental results in Fig. 1, which shows the de- 
pendence of the two-magnon scattering intensity in the 
ladder compound Sri4Cu2404iEl in parallel polarization 
as a function of the angle between the light polarization 
and the rungs direction. The intensity minimum does not 
reach zero but it remains 50% of the maximum value. 

It is known that anisotropic media allow in princi- 
ple two plane waves with two different phase velocities 
and two different polarizations to propagate in any given 
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FIG. 1. Two-magnon peak intensity in parallel polariza- 
tion (dots) as a function of the angle 8 between the light 
polarization and the rungs direction for Sri4Cu2404i. The 
solid line is the theoretical curve predicted from Eq. ^ for 
J' n J±/J' ± J l} = 1 



direction^. When 9 ^ rmr/2, the projections of the elec- 
tric field on the crystal axes will propagate with differ- 
ent phase velocities and an elliptical polarization is in- 
duced as a function of the penetration depth. In two-leg 
ladders this effect can be far from negligible in the vis- 
ible spectrum usually used in Raman spectroscopy. In 
Sri4Cu2404i for example, for a spectrum taken with in- 
cident excitation energy Wj = 1.837 eV, numerical val- 
ues for the real and imaginary parts of the complex re- 
fraction index n(u>i) — n(u>i) + ik{uji) extracted-, from 
Kramers-Kronig analysis of the reflectivity dataja give 
\n x — n y \ w 0.376, k x = 0.0945 and k y = 0.282 where x, y 
denote the rung and leg directions, respectively. On the 
characteristic penetration depth scales A XjJ/ the phase dif- 
ferences between the components of the electric field E XjV 
given by 5{z) = (2tt / \i)(n x — n v )z are significant, namely 
S{^x,y) = 0.637T and 0.217T, respectively. For the partic- 
ular Raman geometry used to derive Eq. (^|) we have to 
use in Eq. ([j]) for the inelastically scattered photons at z 
inside the sample the formulas: 
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where a x ^ v are absorbtion coefficients and the 



and 



correspond to the incoming and outgoing electromagnetic 
field. The polarization versors become dependent on the 
penetration depth z and on the energy of the incoming 
and scattered light via the parameter 8 and the absorb- 
tion coefficients a x ,y Furthermore, the determination of 
the total scattered intensity requires an integration over 
the z coordinate. A real comparison with the measured 
signal is quantitatively difficult not only because the cal- 
culations are laborious but also because the propagation 
of any experimental errors in the determination of the op- 
tical parameters is hard to control. There are also other 
optical corrections to be taken into account - transmis- 
sion at the sample interface, absorbtion and reabsorbtion 
processes of the incoming and scattered photons - which 
become more complicated if the anisotropy is considered, 
but it is not the purpose of this report to account for them 
in detail. However the effect described above can explain 
the lack of intensity cancellation at a critical angle as can 
be seen in Fig. 1 and also the fact that the finite residual 
intensity is excitation energy dependent Jj 

Although the general effect described here is a stan- 
dard textbook consequence of light propagation in all 
anisotropic media, we mention briefly a couple of other 
examples where it can be important. NaV^Os is an or- 
thorhombic crystal which contains quasi one-dimensional 
V-0 ladders at quarter filling factor.Q One of the ways 
to gain insight in the magnetic and electronic structure 
might be to look for preferential orientations of dipole 
moments of infrared excitations with respect to the crys- 
tal axes or to perform an angular dependence Raman 
studya based on similar principles as described in Ref.u. 
Potential anisotropy effects which can influence the ex- 
perimental results should be checked in this case. Other 
materials to which such an analysis may also be relevant 
are the layered Cu-0 superconductors with non tetrag- 
onal symmetry. It has been shown for instance that for 
othorhombic YP^CuaOg+z or P^S^CaC^Os+z crys- 
tals the real and imaginary parts of the dielectric func- 
tion are auite different along orthogonal directions in the 
ab planea. This effect can be relevant for the symme- 
try analysis of the pair breaking (2A) peak below T c and 
the discussion made for the case of the Sri4Cu2404i com- 
pound with slight modifications can be used to account 
for the anisotropy in the analysis of the two-magnon scat- 
tering spectra in Bi ff and B2 9 polarization configurations 
for YBa2Cu306+a; and Bi2Sr2CaCu208+2; crystals, re- 
spectively. 

I have emphasized the importance of considering the 
effect of optically induced ellipticity due to the crystal 
anisotropy when performing polarized Raman or optical 
spectroscopy. The discussion is relevant for determining 
the symmetry and the selection rules associated with ele- 
mentary excitations. The few examples referred to in this 
Comment show that in certain cases this effect should not 



be overlooked in the data analysis. 
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